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Among early naturalists it was quite commonly held that in many 
cases the coloration of marine invertebrates, such as turbellaria, was 
directly determined by that of the pigmented substratum upon which 
they fed. In this way it was attempted to account for certain con- 
spicuous resemblances between the color of species living in company 
with sponges, ascidians, and the like, and that of the organisms over 
which they crawled. Furthermore, these color agreements have 
frequently been considered valuable to the species concerned, accord- 
ing to the scheme advocated by the general theory of protective col- 
oration (cf. Potts, 1915). Increasing knowledge of animal pigments 
has, however, served to develop a well-founded distrust of so simple 
an explanation for correspondencies in the pigmentation of associated 
forms. Several instances have recently come to my notice which 
seem of interest in connection with the idea of the origin of color in 
certain invertebrates from the pigmentation of their food. In the 
one notable case of color agreements which has been adequately studied 
(the prawn Hippolyte), this view has been decisively rejected (Gamble 
and Keeble, 1900; Gamble, 1910). 

The present observations concern a poly clad turbellarian, Pseudo- 
ceros sp., found in association with various tunicates, upon the surface 
of which it has been seen to feed. This flatworm, of which the general 
characteristics may be gathered from the figures, apparently belongs 
to the genus Pseudoceros; but it does not agree with the diagnoses 
of any of the four species of this genus which Verrill (1900, 1901) has 
described from Bermuda. 1 I must refrain from attaching a name to it 
until its anatomy shall have been studied. 

This form seems not to be common at any time of year. Although 

1 Several of Verrill's species were founded, apparently, on color differences 
of single specimens. 
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a somewhat careful search for it has been made on the basis of its 
habits, as revealed by such individuals as have been found, only a 
small number have been seen. It has therefore been impossible to 
collect a quantity of the animals for purposes of experimentation, and 
these notes are, in fact, based upon observations made with only six 
specimens. 

The first individual of this type obtained was found in the branchial 
sac of a colorless, transparent ascidian, Ascidia curvata Traustedt, 
which was, as is usually the case with A. curvata, attached to the 
under side of a flat stone. The poly clad was of fair size, 17 mm. in 
length when creeping undisturbed. It was observed frequently to 
come out of the ascidian, and to creep about the aquarium in which the 
animals were kept. It was marked as shown in Figure 7, but its body, 
aside from the black cross-bars, w T as entirely devoid of coloring matter, 
its substance being of a velvety opaque white appearance. 

Three other specimens were taken among separate colonies of the 
orange colored Ectinascidia turbinata Herd. 2 growing on the reefs. 
These colonies of the tunicate were affixed to the dead upper portions 
of gorgonian "whips." In one instance the colony was closely united 
with a mass of Rhodozona picta (Verr.), the test of which is gelatinous, 
transparent, and colorless. 3 The polyclads obtained from the Ecti- 
nascidia colonies are well depicted in Figure 2. It will be noted that 
there is a very fair agreement between the general hue of such an in- 
dividual and that of the test of its host (Fig. 1). 

The remaining two examples were obtained from the dark purple- 
black Ascidia atra Les. The one illustrated in Figure 7 came from the 
interior of a dead test of this species, the other, of a much darker cast, 
being found in the branchial sac of a healthy individual. 

There is an obvious, striking parallel between the coloration of these 
animals and that of the turn'cates with which they were individually 
associated. That there is any protective (concealing) value behind 
this, can, I think, be confidently denied. For, as a matter of fact, 
the flatworms when in exposed positions are perfectly conspicuous in 
spite of the agreeing element in their coloration. This was notably 
the case with the specimen found in the branchial chamber of the trans- 
parent A. curvata. 

2 There is some reason to believe that this species is different from that 
recorded under this title by Van Name (1902). 

3 It is a curious fact that in the instances of compound colonies, which are 
not infrequent, the Ectinascidia is practically always the upper, the Rhodogona 
the lower, member of the group. 
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It is of more value to discover the source of the pigmentation than 
to speculate concerning its "function." A simple experiment showed 
that, as was to be expected from what is known of some other turbel- 
larians, 4 a good fraction of the color seen in such specimens as those 
drawn in Figures 2 and 7 was due directly to food in the alimentary 
spaces. 

The individual shown in Figures 2 and 3 was isolated from its 
Ectinascidia colony (cf. Fig. 1) on July 10, 1916. Five hours later 
it had become considerably paler (Fig. 4) ; and two days later it was 
very conspicuously so, as indicated in Figures 5 and 6. It was then 
returned to a small dish containing several Ectinascidia zooids, one of 
which the flatworm very promptly found and began to feed upon, 
creeping over its surface. After six hours it had assumed a brilliant 
orange color, like that of Figure 2. The major portion of the orange 
pigment comes, then, directly from the excreted pigment-bearing cells 
at the surface of the tunicate test. A similar experiment was made, 
with a corresponding result, in the case of one of the purplish-black 
flatworms found with A. atra. 5 

There appears, however, to be a minimum below which the pigmen- 
tation cannot be reduced by moderate starvation. After four days 
in seawater, removed from their host, two of the orange specimens 
were still in the condition depicted by Figure 5. So far as could be 
made out from microscopic examination under gentle compression, 
no orange pigment was retained in the digestive system, although some 
was present in the integument. 

The readiness with which these polyclads return to their own partic- 
ular kind of tunicate is surprising. With all of the individuals ob- 
tained, tests were made by giving them the opportunity of feeding upon 
E. tubinata or A. atra, placed together in the aquarium, and in two 
cases specimens found on E. turbinata were also offered individuals of 
A. curvata. When kept in aquaria the polyclads frequently left their 
host and wandered about the dish, but in all these instances, as well 
as in numerous trials in which they were artificially removed, they 
always returned to that type of ascidian upon which they were origi- 
nally found. Nor could they be induced to feed upon a different species. 
I tried in this way to alter the coloration of the specimen found in 
A. curvata, and of two of those taken on Ectinascidia, namely by plac- 



4 It should be stated, though, that practically no observations have been 
recorded respecting the food of the brilliantly colored polyclads. 

5 For a note on this pigment, see Crozier (1916). 
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ing them upon A. atra in small aquaria containing no other tunicates. 
But they would not remain on this ascidian, they would not feed, and 
indeed died in the course of two days. 

There consequently seems to be a close correlation between the 
habits of the three color varieties — for I believe the evidence warrants 
the view that they are "physiological varieties" of one species — and 
their ability, on the one hand, to feed on the particular ascidian which 
harbors them and, on the other, to "make use" of the pigments 
involved. This correlation is also suggested by the size of the three 
varieties, which, so far as I have been able to observe, increases 
directly with that of their tunicate hosts (E. turbinata, A. curvata, 
A. atra), the average lengths of the respectively associated polyclads 
being 6, 17, and 20 mm. 

Agar's Island, Bermuda. 
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EXPLANATION OF PLATE. 

Figure 1. A group of zooids from a colony of Ectinascidia turbinata (XI). 
Figures 2 & 3. Pseudoceros found on E. turbinata, freshly removed (X 5). 
Figure 4. The same individual as that shown in figures 2 and 3, five hours 

after removal from its host (X 5). 
Figures 5 & 6. The same individual, two days after removal from its host; 

Fig. 6 is a ventral view (X 5). 
Figure 7. Pseudoceros found inside the tunic of a dead Ascidia atra (X 2). 

The figures are by Miss H. E. Fernald. 
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